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FZSEKRCH MEMORANDUM 

. FREE-FLIGHT-TUNNEL  INVESTIGATION OF THE DYNAMIC LATERAL 

STABILITY AND CONTROL CHARACTERISTICS OF A 

HIGH-ASPECT-RATIO BOMBER MODEL W I T H  A 

. SWEFTBACK-WING  FIGHTER MODEL 

ATTACHE33 TO EACH WING TIP 

By Charles V. Bennett  and  Peter C. Boisseau 

An experimental  investigation has been made i n   t h e  Langley free- 
f l ight   tunnel   to   determine  the dynamic lateral s t a b i l i t y  and  control 
charac te r i s t ics  of a high-aspect-ratio bomber model with a pweptback- 
wing f i g h t e r  model attached  to  each wing t i p   w i t h  freedom i n   r o l l .  
This arrangement  represents a configuration i n  which fighter p'rotection 

of a mechanical  l inkage  the  outboard  aileron  of  each  f ighter was operated 
automatical ly   in   response  to   the  re la t ive  bank.angle  between the  bomber 

the  bomber w i n g .  The e f f e c t s  of t he   va r i a t ion   i n   t he   r e s to r ing  moment 
and  of the  longitudinal  posit ion of the  f ighter   with respect t o  the 
bomber on the f ly ing   cha rac t e r i s t i c s  of the coupled  configuration were 
determined in   the   inves t iga t ion .  

could be provided  for bombers  on long-range bombing missions. 'By means 

.a and f igh ter   to   supply  restdring moments t o  keep the fighter al ined  with 

The resul ts   indicated  that   the   f l ight   behavior   of   this   coupled 
configuration improved as   the   a i le ron   res tor ing  moment was increased 
and could be made satisfactory  with  values of res tor ing  moments repre- 
sentat ive of  those which could  be  produced by the   a i le rons   o f   typ ica l  
swept-wing f igh ter   a i rp lanes  that might be used i n  a coupled  configu- 
r a t i o n  of t h i s  type. The results a l so   ind ica te  that the  longi tudinal  
posi t ion of the   f igh ters   wi th   respec t   to   the  bomber had an  important 
e f f e c t  on the  f l ight   behavior  of the  coupled  configuration.  For  a 
given  restoring moment the fliglit  behavior was worse when the f igh te r s  
were a t tached   to   the  bomber s o  that  the  0.50-tip-chord  points  coincided, 
than when the   f igh ters  were i n  a more rearward  position. 

1 
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IPrrRODUCTION m 

One serious problem a t   the   p resent  time i s  that of providing  f ighter 
protect ion  for  bombers on  long-range bombing missions. I t  has been 
proposed t h a t   t h i s  problem could be solved by coupling a fighter air- . .  

plane t o  each wing t i p  of 8 tanker   a i rplane  for   in-f l ight   refuel ing  or  
t o  each wing t i p  of  a  bomber a i rp l ane   t o  be car r ied   as  a parasi te  which 
could  be  released when f ighter   protect ion was needed. It has been 
suggested that by hinging  the  f ighters   to   the bomber or  tanker wing 
t i p s   w i th  freedom i n   r o l l ,   t h e  wing-bending loads  caused by the aero- 
dynamic and mass forces of the fighters  could  be minimized. 

- 

" 

Some work has been done i n   t h e  Langley free-fl ight  tunnel  to  study 
t h e   s t a b i l i t y  and control   character is t ics  on configurations of t h i s  
type. The r e s u l t s  of one such  investigation made on a simplified 
bomber  model with a simplified  straight-wing  f ighter model a t t ached   t o  
each wing t i p  were reported  in   reference 1. This  study has been  extended 
t o  include  f l ight   tes ts   of  a high-aspect-ratio bomber  model with a 45O 
sweptback-wing f igh ter  model attached  to  each w i n g .  The results of 
th i s   inves t iga t ion  are presented  herein. The outboard  aileron of each 
f igh ter  was automatically  operated  in  response  to  the  relative bank 
angle between the bomber and the   f i gh te r   t o  keep the  f ighter   a l ined 
with  the bomber wing. The restor ing moment about the hinge was var ied 
by adding a chordwise  extension t o   t h e  outboard  aileron of the f igh te r  
o r  by changing the gea r ing   r a t io   ( r a t imuf - f igh te r   a i l e ron  angle t o  
bank angle  of  fighter  with  respect t o  the b'omber). The investigation 
consisted  of  f l ight t e s t a  of  the bomber model alone and with  the  f ightera 
attached  with freedom i n   r o l l   w i t h   r e s p e c t   t o   t h e  bomber. In  the  inves- I 

t iga t ion   the   e f fec ts  of varying  the  restoring moment and the  longitudinal 
posit ion of the f igh ters   wi th   reepec t   to   the  bomber were studied. 

8 

The r e s u l t s  of ~ o m e  other   re la ted  invest igat ions which were made 
i n   t h e  Langley free-fl ight  tunnel  are  presented in references 2 and 3. 

APPARATUS 

The investigati-on-was made i n   t h e  Langley free-fl ight  tunnel which 
i s  described  in  reference 4. A sketch of the bomber model with the 
fighters  at tached i s  shown i n   f i g u r e  1. The dimensional  and mass charac- 
t e r i s t i c s  of  the bomber and f igh ter  models are given i n   t a b l e  I. A 
s l a t  (see f i g .  1) waa ins ta l led  on the bomber  model wing to  delay  pre- 
mature  wing-tip  stalling which was a t t r i bu ted   t o   t he  low scale  ( tes t  
Reynolds number a t  t he   a i l e ron   t i p  of  approximately 52,000) a t  which 
the tests were conducted. The effectiveness of the outboard  aileron a 
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of  each f i g h t e r  was increased  for  some t e s t s  by adding  --inch  extensions 

t o   t h e   t r a i l i n g  edge  of the aileron  surface.  T h i s  extension  increased 
the  area of the  outboard  aileron by 38 percent. 

1 
4 

The fighter models w e r e  at tached to the bomber by means  of a hinge 
which provided  freedom i n   r o l l  of   the   f ighters   with  respect   to   the 
bomber. The f igh te r  models  were r e s t r a i n e d   i n  yaw and p i t c h   r e l a t i v e  
t o   t h e  bomber but  the angle  of  incidence of the fighters with respect 
t o   t h e  bomber could  be  adjusted so that  they  tended  to  remain  alined 
with  the bomber a t  0' a i le ron   se t t ing .  The f ighters   could be attached 
t o   t h e  bomber a t  any of the three  longitudinal  posit ions shown i n  
f igure 2. 

A mechanical  linkage  (fig. 3 )  waa i n s t a l l e d  on the   f igh ter  models 
to   def lect   the   outboard  a i lerons of the  f ighters   in   response  to   the 
r e l a t i v e  bank angle between the bomber an& fighters. The gear ing   ra t io  
provided by the  mechanical  linkage  could be var ied from 1.7 t o  5.4. , 

Cushioning  springs were installed in   the   l inkage  system t o  permit the 
f i g h t e r s   t o   r o l l  with r e s p e c t   t o  the bomber after the maximum a i le ron  
def lect ion of the f igh te r s  was reached. The purpose of the  l inked 
ai lerons was t o  minimize t h e   r o l l i n g  motion  of t h e   f i g h t e r s   r e l a t i v e   t o  
the bomber  by producing  aerodynamic forces  on the  ffghters.which  tended 
t o  keep  them alined  with  the bomber. For instance,   as a f igh ter   ro ta ted  
up, the outboard  aileron went up, t he  l i f t  on the   f igh ter  was reduced, 
and the f igh te r   t he re fo re   t ended   t o   r e tu rn   t o  i t s  or iginal   posi t ion.  

TEST  CONDITIONS 

All t e s t s  were made a t  a dynamic pressure of approximately 3.75 pound€ 
per square  foot which corresponds to a l i f t  coef f ic ien t  of 1.0 fo r   t he  
bomber alone. If it is  assumed t h a t  t he  test  configuration  represented 

a -"scale model of  a fu l l - s ca l e  coupled  configuration,  the models  simu- 1 
40 

l a t e d  a bamber with a  wing loading of 56 pounds per  square  foot  and a 
f igh ter   wi th  a wing 1oadi.ng  of 34 pounds per square  foot  f lying a t  an 
a l t i t u d e  of 30,000 f e e t .  

The res tor ing  moments about  the  roll ing  hinge produced by the  
l inked  a i lerons are shown i n   f i g u r e  4. The maximum outboard  aileron 
def lect ion of *bo produced  an  aerodynamic res tor ing  moment (MA) of 
0.06 and 0.114 foot-pound for   the  a i lerons of the   i so la ted   f igh ter  

R models with the &-inch  extensions  off  and on, respectively.  The v e r t i c a l  
4 
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portion  of  the restoring-mom nt  curves  (fig.  4) represents the preload 
i n   t h e  cushionin@; springs (M> tha t  had t o  be overcome before the 
fighters   could bank t o  an  angle  greater t h a n  that which corresponded t o  40° ai leron  def lect ion.  After the  preload was overcome the f igh te r s  
could  reach  higher  angles by compressing the cushioning 
restor ing moments provided by compression of the-  springs 
by the  constant  slope above the   ve r t i ca l   po r t ion  of the  curves. The 
maximum angle  of bank that could  be  reached by the  f ighters   (spr inge 
f u l l y  compressed) was about 40° f o r  a gear ing  ra t io   of  4.0. 

I n  order to   ob ta in  spme indication of the magnitude of the   a i le ron  
restor ing moment i n  terms of what might be  expected  for a fu l l - sca le  
f ighter ,   the   a i leron  effect iveness  (rate of  change  of  rolling-moment 
coefficient  with  aileron  deflection, of   the  f ighter  models with 

and without  the  --inch  aileron  extension were obtained from force tests.  4 
The value  of C z  was 0.0012 with  the  extension on and 0.0006 with 

Ea 
the  extension  off.  The value of C with  the  extension  off  appears 

t o  be somewhat lower than would be  expected f o r  a n  a i leron of t h i s   s i z e .  
The values of Cz with  extensiom  off and on represent  the  approximate 

range  of  values of this fac tor   for  sweptback fighter  airplanes.  It 
appears,  therefore, that the  res tor ing moments about  the  hinge.produced 
by the  outboard  ailerons of the f ighter  models could  be  produced by the  
outboard  ailerons  of sweptback fighter airplanes which might  be  used i n  
a configuration  of  this  type. For a more exact   interpretat ion of the 
model results i n  terms of the full-scale  airplane  configuration, the 
restor ing moment produced  by the  cushioning  springs  as well a s   t h a t  
produced by the  aileron  should be considered.  For t h i s  purpose infor- 
mation  eimilar  to that shown in   f i gu re  4 for the model should be  avail- 
able   for   the  par t icular   a i rplane and  automatic  control  arrangement 
under  consideration. 

''Ea) 1 

h 

6, 

.. 

The static lateral s t ab i l i t y   cha rac t e r i s t i c s  of the  bomber  model 
alone and of  the  coupled  configurstion as determined from force   t ea t s  
are shown i n  table I .  Results of additional  force tests indicated that 
there w a 8  a negl igible   effect  on the s t a t i c  lateral etabi l i ty   character-  
i s t i c s  of  sealing the gap between the bomber and f igh ter  wing t i p s .  For 
convenience, a l l  f l i g h t  tests of the coupled  configuration were ma& 
with  the gap unsealed. 

Fl ight  tests were made of  the bomber alone and of the bomber with 
the fighters  at tached  with freedom i n   r o l l .  I n  the f l i g h t  tests made 
with  the  f ighters  at tached,  the  effects of w i n g  the  res tor ing moment 
were investigated. T h e  effects  of  varying  the  longitudinal  position of 

c 

L 
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the   f igh ters  with r e s p e c t   t o  the bomber for   the  three posi t ions shown 
i n  figure 2 were also investigated  because a preliminary  analysis 
indicated that this var iable  might be  an  important  factor  affecting  the 
flight behavior  of a configuration of t h i s  type. For example, since 
the aerodynamic center of the sweptback f igh te r  was located w e l l  forward 
of  the most convenient  attachment  point  (0.W-chord  stations of bomber 
and f igh te r  t i p  chords  coincide), it was believed that any random 
change i n  the angle of attack of the fighter caused by a gust  or  control 
disturbance would produce a pi tching moment which (because of the 
f l e x i b i l i t y  of the bomber w i n g )  would cause a further angle-of-attack 
change  of the   f igh ter .  T h i s  change in   angle   of   a t tack would of course 
be expected t o   a f f e c t  the flapping motLon of the f i g h t e r   ( r o l l i n g  
motion  of the f igh te r   w i th   r e spec t   t o   t he  bomber). Since  the  center of 
gravi ty   of   the   f ighter  was also well  forward  of the bomber wing t i p ,  
changes i n  angle of a t tack  could  a lso be produced by the pitching 
moment r e su l t i ng  from a normal accelerat ion  of   the fighter. With the 
f igh te r  in the rear   pos i t ion   ( see   f ig .  2) the aerodynamic center of the  
f igh te r  was located a t  the same longi tudinal   posi t ion as the atta-nt 
hinge  (0.W-tip-chord  point  of bomber) and, the  center   of   gravi ty  of the 
f igh te r  was only  slightly  forward  of  the  hinge  (0.25-tip-chord  point of 
bomber). 

I n  all of the flight tests made with the f ighters   a t tached,   the  
p i lo t   pa id   pa r t i cu la r   a t t en t ion  to the flapping of the fighters and t o  
the e f f e c t  of this flapping on the general f l igh t  behavior of the coupled 
configuration. The f lapping motions of the f igh te r s  were a l so  determined 
quant i ta t ively f r o m  motion-picture  records. 

- 
m The var ious  condi t ions  invest igated  in   the flight t e s t s  of the 

coupled  configuration are l isted i n  table 11. 

RESULTS AND DISCUSSION 

In terpre ta t ion  of Results 

The r o l l i n g  motions of the bomber i n   c o n t r o l l e d   f l i g h t  and the 
corresponding  angles  of bank  of the attached fighter models (measured 
with respec t   to   the   hor izonta l )  are shown i n  figure 5. Since these 
records were read within  an  accuracy of f0.5O and no attempt w a s  made 
t o  fair smooth curves  through the s c a t t e r  of points,  any abrupt  motion 
f a l l i ng   w i th in  these limits may not  represent the ac tua l  motions of the 
models. I n  some cases the fighter-model  roll ing motions are  displaced 
from those of the bomber because it was d i f f i c u l t   t o  keep the f igh te r s  
trimmed to   zero  bank w i t h  r e spec t   t o  the bomber. It was a l s o   d i f f i c u l t  
t o  keep the f igh te r s  trimmed so t h a t  the a i le rons  were a t   e x a c t l y  

T 
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0' deflect ion when the f igh te r s  were a t  Oo bank. The  data of figure 4, 
therefore,  cannot be used to   ob ta in   accura te  estimates of the   res tor ing  
moments f o r  a given  condition. These data can be used, however, t o  
obtain a general  indication  of the var i a t ion  of res tor ing moment with 
f igh te r  bank angle. 

In   o rde r   t o   i den t i fy  the various test  conditions i n  terms  of 
res tor ing  moment, a gearing  factor was determined from the restor ing-  
moment data for each test  condition by the method shown i n  figure 4. 
Although this gearing  factor is o n l y  an average  value  and not an  exact  
measurement of the   res tor ing  moment over the en t i r e   f i gh te r  bank-angle 
range, it does  provide  an  indication of the re la t ive   res tor ing  moment 
f o r  the various  conditions. 

It appears  from t h e  recorda  of  figure 5 that  the motions of the 
modele were somewhat e r r a t i c .  These motions, however, are considered 
typ ica l  of the motions of the  re la t ively  small-s ize  models flown i n  the 
free-f l ight   tunnel  with the fl icker- type  control  system (f'ull on - f u l l  
o f f ) .   I n  some cases the control   appl icat ions shown i n  the records of 
f i gu re  5 were applied by the p i l o t   t o   p o s i t i o n   t h e  model in the   tunnel  
rather than t o  maintain a wing-level  attitude.  Experience has shown 
that the r e s u l t s  of f l i g h t  tests i n  this tunnel are normally of a 
conservative  nature  because the type of control  used and the  high  angular 
ve loc i t i e s  of the small models prevent the p i l o t  f r o m  control l ing the 
model as smoothly as would be possible with the proportional  control  of 
a fu l l - sca le   a i rp lane .  I n  the present  investigation  the  banking  motions 
of  the bomber alone were of the same general magnitude as the motions 
of the bomber  shown i n  the records of f igure  5.  Despite these rather 
la rge  banking  motions the flight behavior of the bomber alone w a s  con- 
sidered representat ive of that of an airplane having  normally good 
s t a b i l i t y  and control  characterist i 'cs.  It would be  expected,  therefore, 
t h a t  the  motions  of a full-scale  coupled  airplane  configuration would 
be much less erratic than  those  indicated by the fl ight  records  pre- 
sen ted   in  figure 5. 

Effect of Gearing Factor 

Increases   in  the gearing fac tor  appeared t o  improve the f l i gh t  
behavior i n  all cases. The condition with the fighters loca ted   i n  the 
rearward pos i t ion  and with the highest gearing  factor tested (0.018) 
was considered by the p i l o t   t o  have s a t i s f a c t o r y   s t a b i l i t y  and control  
charac te r i s t ics .  The f l i g h t  behavior  for this condition was Judged by 
the p i l o t   t o  be almost as good as that f o r  the bomber alone,  although 
more ai leron  control  was required with the fighters  attached  because of 
the increased  rol l ing iner t ia  and damping i n   r o l l .  When the gearing 
fac tor  was decreased t o  0.013 (rearwar&-fighter   posi t ion)   the  f l ight  
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7 behavior became worse and the model was considerably more d i f f i c u l t   t o  
f l y  because the flapping  motions of the f i g h t e r s  were too   l i gh t ly  damped. 
When the gearing  factor was decreased t o  0.006 the  f l ight   behavior  was 
considered  to be entirely  unsatisfactory  because it was almost  impossible 
fo r   t he   p i lo t   t o   ma in ta in  flight. 

8 

The same e f f e c t s  on the flight behavior  of  decreasing the gearing 
fac tor  were noted i n   t h e   f l i g h t s  made with the fighters attached in the  
mid or  forward  positions. The f l i g h t  behavior w i t h  a gear ing  factor  of 
0.008 or  0.011, with the f i g h t e r s   i n   t h e  mid or  forward  positions, 
respectively,  was similar t o   t h a t   f o r  the condition with the fighters 
i n   t h e  rearward pos i t ion  and with a gear ing  factor  of 0.006. 

With the minimum gearing  factor  required  to  maintain flight, the 
flapping  motions of the fighters were very erratic and l i g h t l y  damped 
f o r  a l l  longitudinal  posit ions of the f igh ters .  This f lapping was 
most not iceable   af ter  a gust or control  disturbance. It appeared that 
because  of the low  damping these  disturbances  tended  to  keep the f igh te r s  
cons tan t ly   in  motion  and often  caused  the model t o  go out of control 
and crash. .  A t  times the  flapping  imparted a small-amplitude,  high- ! 
f requency  osci l la t ion  to  the coupled  configuration. This osc i l la t ion ,  ; 
which was s imi la r   to   tha t   ob ta ined   in  the free-f l ight- tunnel   fuel-  I I 

sloshTng  investigation  reported  in  reference 5, was apparent only with : 
the low gearing  factors  where the f igh te r s  were con t inua l ly   i n  motion. ! 
The high-frequency  oscillation, which was superimposed on the normal, 
longer-period  motions  of the model, was very  annoying t o  t h e   p i l o t  and 
seemed at  times t o   r e i d o r c e  the normal model motions so that the 
resu l tan t  flight was very  jerky and e r r a t i c .  An analysis  of these 
results would seem to   i nd ica t e  that the flight behavior  of a fu l l - sca le  
configuration  of this ty-pe with low gear ing  factors  would be bad i n  
gusty  weather. 

h 

It i s  believed that a comparison  of the flapping motions  presented 
in   the   records  of f igure 5 f o r  the various  conditions  might be mis- 
l ead ing   in  some cases. For  example, the approximately  constant ampli- 
tude  flapping of the f igh te r s  shown i n  the last portion  of the records 
f o r  a gearing  factor of 0.008 with  the model i n  the rearward  position 
was evidently  caused by the pi lo t   un in ten t iona l ly   re inforc ing  the 
o s c i l l a t i o n  of the f igh te r  models  by applying  the  abrupt  ai leron  control 
a t  about the same frequency as the  natural  frequency of the f igh te r  
models. This record,   therefore,  i s  not  considered to be s i g n i f i c a n t   i n  
a comparison  of the effects   of   gear ing  factor   or  of f igh ter   pos i t ion .  

Ef fec t  of Longitudinal  Position  of  Fighters 

’. The e f f e c t  of changing the longi tudinal   posi t ion of the f igh te r s  
from the forward t o  the rearward posi t ion was t o  improve the f l i g h t  . 
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behavior of the  coupled  configuration. A gneral  indication of t h i s  
e f f e c t  is shown by the records of figure 5 which show t h a t  less gearing 
fac tor  was required  to  maintain flight with the f igh ters   a t tached   in  
the  rearward  position  than was required with the f i g h t e r s   i n  the mid or 
forward  position. The e f f e c t  of  longitudinal  posit ion of the f igh te r s  
on the fl ight  behavior was not pronounced when the  gearing  factor was 
high (0.013 o r  0.018) because flights could s t i l l  be  maintained  easily 
even with the   f igh ters  i n  the  forward  position. A t  some lower  values 
of  gearing  factor, however, t he   e f f ec t  of longitudinal  posit ion was 
much more pronounced  because with the f i g h t e r s   i n  a forward  position the 
configuration became unf'lyable. I n  these cases the f igh te r s  would not 
remain alined  with  the bomber because of insufficient  gearing. Even 
slight  disturbances  caused  relatiwely  large  f lapping motions of the 
f igh te r s  which  sometimes caused the coupled  configuration  to go out of 
control and crash. 

As was pointed  out  previously, the pr inc ipa l   e f fec t  of changing the 
longitudinal  posit ion of the f igh te r  is t o  change the magnitude of the 
random pitching moments of the fighter which (because of the bomber 
wing f l e x i b i l i t y )  would cause changeB i n  the angle of a t tack  of the  
f igh te r .  It appears,  therefore, that the  poorer  flight  behavior  obtained 
w i t h  the f igh te r  models i n   t h e  forward  position was caused by the la rger  
random changes in   f i gh te r   ang le   o f   a t t ack   i n  this posit ion.  

The p i l o t  had the impression  that,  for a given  gearing  factor, the 
flapping of the fighters w i t h  respect t o  the  bomber was worse when the 
f i g h t e r s  were attached  in  the  forward  position. It appears from the 
records  of figure 5 that the f igh te r  motions damp more rapidly after a 
disturbance when the f igh ters   a re   a t tached   in  the rear   posi t ion  than 
when attached in the forward  position,  but the general magnitude of the 
flapping motion  does  not  appear t o  be appreciably  different   for  the 
various flight condittons.  Apparently the pi lot ' s   opinion of the 
flapping motione was influenced more by the damping of  t he   f i gh te r  
motion  than by the magrvitude of the bank angles. 

CONCLUDING REMARKS 

The results of the invest igat ion made I;n-.the  Langley f ree- f l igh t  
tunnel showed that the dynamic l a t e r a l   s t a b i l i t y  and control  character- 
I s t i c s  of a high-aspect-ratio bomber with a sweptback fighter attached 
t o  each wing t i p  improved a s  the a i le ron   res tor ing  moment  was increased. 
These resu l t s   ind ica ted  that the flight  behavior of  such a configuration 
could be made satisfactory  with  values of res tor ing  moments representa- 
t i v e  of those which could be produced by the  ailerons of typ ica l  swept- 
wing f ighter   a i rplanes of current  design  that  might  be  used i n  a coupled 



" 
configuration  of  the type used i n  this investigation. The r e s u l t s  also 
indicated  that   the   longi tudinal   posi t ion of the   f igh ters  with respect  
t o  the  bomber had an  important  effect  on the f l ight   behavior  of the 
coupled  configuration.  For a given  restoring moment the  flight behavior 
was worse when the f igh te r s  were attached t o  the bomber so that the 
0.50-tip-chord  pointe  coincide  thanwhen the f igh te r s  were i n  a more 
rearward posit ion.  

Langley Aeronautical  Laboratory 
National  Advisory Committee for  Aeronautics 

Langley Field,  Va. 

.. 

J 
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[ass characteristice 
We1 t, l b  . . . . . . . . . . . . . . .  
Wim*loading, lb/ft2 . . . . . . . . . .  
Radius of gyIBtion  about I-- 

t u d i d  body axis, epans . . . . . . .  
Radius of gyration about ver t ical  

body axis, spsns . . . . . . . . . . .  
Iner t ia  of fighter m a l  about 

hinge, p0Una-d . . . . . . . . . . .  
Center of gravity,  percent M.A.C. . . .  
Aerodynamic center, percent M.A.C. . . .  

I i ~ n s i O n a l  characteristics 
Wing: 

Airfoil  section . . . . . . . . . . . .  
Span, in. . . . . . . . . . . . . . .  
Area, sq  in. . . . . . . . . . . . . .  
Aspect ra t io  . . . . . . . . . . . . .  
Taper ra t io  . . . . . . . . . . . . . .  
+feean aeroaynamic cbard, in. . . . . .  
Gueepback 0.2gc, deg . . . . . . . . .  

Aileron. 
Area, percent wing area 

(one ailaron) . . . . . . . . . . . .  
Chord, p r c e n t  w i n g  chord. . . . . . . .  

(one aileron) . . . . . . . . . . . .  Span, percent v i n g  epsn 

Welage:  Length, in. . . . . . . . . . . . . .  
D i a u k t e r ,  in. . . . . . . . . . . . . .  
PlnenfSS ra t io  (Length/Diamcter) . . .  

vert ical  tail: 
Airfoil section . . . . . . . . . . .  
Area, percent ving area 
Span, in. 

Aspect ra t io  . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  . . . . . . . .  

Horizontal tall: 
Airfoil  eection . . . . . . . . . . . .  
Area, percent v l n g  mea 
Span, in. 

Aspect ra t io  . . . . . . . . . . . . .  
T a p r  ra t io  . . . . . . . . . . . . . .  
Tail length -- chord m i n t  of  w i n g  mean 

aerodynamic chord to rudder Mnge 
line), i n .  . . . . . . . . . . . .  

Directional-stability parameter, yawing- 

. . . . . . . . . . . . . .  . . . . . . . .  

(t 

; t a t ic   l a te ra l  stablJLty characteristice 

moment coefficient due t o  sideslip, 

Effective-dibedral psrameter, rolling- 
moment coeffkient  due to  sideslip, 
Czg, pcr deg . . . . . . . . . . . . . .  

Effective-lateral-force parameter, 
lateral-force  coefficient due to 
sideslip, . per Beg . . . . . . . . .  

C" gu dcg . . . . . . . . . . . . . .  

"ps 

Bcmber 
mO&l 

4.87 
3.74 

0.15 

0.21 

0 -25 

Lbode St. Ceneee 35 
45 .oo 

187.F.U 
10.76 
0 .s 
4.66 

l.2 

30 .w 
3 .n 

HACA ool2 
6.31 

13-5a 

0.33 
1.3 

RACA 0039 

22.09 
15.00 

0.38 
5.50 

15 - 47 

a0 .Mn3 

a-O .ooog 

a-O. 013 

one fighter 
model 

0.6: 
2.H 

""""""""". 
""""""""". 

23 .o( 
0.2: 
0.3 

Rbde B t .  Oenese 3: 
11.1: 
41.1 
3.a 
0.3 3.e 
45 

18.0; 
2 .a  
9.01 

AACA OOU 

l2.4: 
2" 

l . l t  
0.4, 

8.0: 

onfiguration 
Coupled 

6.17 
3-30 

%.3l 

ao.39 
"""" 

"""" 

"""" 

"""_ - 
b68.55 
269.96 

L - - - - - - - - - - - - " - 
"""" 

"""" 

"""" 

"""" 

"""" 

"""" 

"""" 

"""" 
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-a """ - - - - - - - - 

"""" 

"""" 

- - - " - - - """" 

"""" 

"""" 

cO. 0015 

c-O. ooo6 

c-o. 010 
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Conditi- 
~ ~~~ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

TABm I1 
FIGH'IXR  COWIGURATIONS TESTED 

Gearing 
r a t i o  

5.4 

5.4 

4.0 

4.0 

4.0 

3-4 

4.0 

4.0 

1.7 

Aileron 
extension 

On 

On 

On 

On 

On 

On 

Off 

O f f  

On 

Fighter 
posi t ion 

Rearward 

Forward 

Rearward 

Mid 

Forward 

Forward 

Rearward 

Mid 

Rearward 

Gearing 
factor 

0.018 

.018 

.013 

.013 

.013 

. o n  

.008 

.008 

.006 - 
c 
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7' Section 

+I 1.15- 

YFighter  
roll axis 

c 

V 

a 45.00 

Figure 1.- Three-view sketch of high-aspect-ratio bomber model with 
fighter models attached. A l l  dimensions are in  inches. 
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W 

fighfer moved off 3 In. 
* 

Figure 2.- Longitudinal  positions of f i gh te r  models tes ted.  
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Linked  aileron 

Preloaded cushioning springs 

Figure 3. - Sketch of linkage  system  used t o  deflect the outboard  aileron 
of f igh te r  model in response t o  the angle of bank of the   f i gh te r -wi th  
respec t   to   the  bomber. 
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/* 7 
- 3.4 
4.0 
5.4 

"- """_ 
"" 

./6 r- 

08 /- I M P  

.a - 
- 

./6 - 

- 

./2 - 
- 

.08 - 

0 

Figure 4.- Fighter restoring moments used in the investigation. 
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.013 

Figure 5. - Time h i s t o r i e s  of bomber and f i g h t e r  bank angles fl and 
direct ion of appl ied  a i leron  control  6a for   three  longi tudinal  
posi t ions of the fighters with r e spec t   t o  the bomber. (R, r igh t ;  
L, l e f t .  ) 
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